Peripheral nerve sheath tumors (PNSTs) are tumors that originate from the cells that comprise the sheaths of peripheral nerves. One type of PNST originates from the Schwann cell and is thus termed Schwannoma. Two other types of cells, perineural cells and fibroblasts, are components of peripheral nerve sheaths and may give rise to tumors. 8, 14 Depending upon the cell of origin and the degree of differentiation, PNSTs may exhibit a wide range of histologic patterns of fibroblastic and sarcomatous growth. These tumors (particularly the malignant variety) may closely mimic histologic pattern characteristics of other fusiform tumors, including fibrosarcomas, leiomyosarcomas, and synovial cell sarcomas. Electron microscopic and/or immunohistochemical evaluation is often necessary in establishing the diagnosis of PNSTs.
Peripheral nerve sheath tumors (PNSTs) are tumors that originate from the cells that comprise the sheaths of peripheral nerves. One type of PNST originates from the Schwann cell and is thus termed Schwannoma. Two other types of cells, perineural cells and fibroblasts, are components of peripheral nerve sheaths and may give rise to tumors. 8, 14 Depending upon the cell of origin and the degree of differentiation, PNSTs may exhibit a wide range of histologic patterns of fibroblastic and sarcomatous growth. These tumors (particularly the malignant variety) may closely mimic histologic pattern characteristics of other fusiform tumors, including fibrosarcomas, leiomyosarcomas, and synovial cell sarcomas. Electron microscopic and/or immunohistochemical evaluation is often necessary in establishing the diagnosis of PNSTs.
In this report, a malignant Schwannoma (malignant PNST) originating from a thoracic spinal nerve of a goat with metastasis to the liver, lungs, spleen, and vertebral canal is described. Schwannomas occur most frequently in cattle, in which they are usually benign and often multiple. 4 Malignant Schwannomas are uncommon. 4 Neoplastic disease is reportedly rare in the caprine. 2,3,10,15 Abattoir surveys in the USA and South Africa have detected a lower incidence of neoplasia in goats than in other domestic species. 2,3 Although there is at least 1 reported case of a Schwannoma (neurilemmoma) in the goat, 3 an extensive review of the literature failed to find any report of a malignant Schwannoma in caprines. In this case, the diagnosis of a malignant Schwannoma was made using a combination of light and electron microscopy and immunohistochemical staining.
A g-year-old female Alpine goat was evaluated for progressively worsening rear limb ataxia of 2 days duration. The goat was able to stand with assistance. Proprioception and nociception were decreased bilaterally. Cerebrospinal fluid analysis revealed an increased protein (59 mg/dl; normal < 40 mg/dl) and white blood cell (wbc) count (12 wbc/µl; normal < 5 wbc/dl), predominantly lymphocytes. A compressive spinal lesion in the lumbar spine was suspected. To minimize costs, radiographs were not obtained. Prednisolone (2.2 mg/kg orally every 12 hours) was administrated for 5 days. The goat's condition deteriorated during this time, and when examined again, the animal was unable to rise. Nociception was absent bilaterally in the rear limbs. The goat was euthanized and presented for necropsy.
Postmortem examination revealed multiple nodular tumors within several organs, including the liver, lungs, and Received for publication November 27, 1992. spleen. The largest tumor was a singular, roughly spherical retroperitoneal mass located cranial to the right kidney. The mass was 6 cm in diameter and on cut surface consisted of bulging soft brown tissue with a discrete tan center ( Fig. 1) . One of the distal thoracic vertebral nerves was attached to and surrounded by the mass. The right adrenal gland could not be located. The left adrenal gland was normal. The size and location of the mass suggested that this was the primary tumor. A smaller mass was found in the extradural space of the vertebral canal. This mass was tan, soft, and homogeneous and was 2 cm long and 0.5 cm in diameter. The mass was loosely attached to the fourth lumbar vertebra, causing marked dorsoventral flattening of the spinal cord. No communication between this tumor and the retroperitoneal mass or any other extravertebral tissues could be found. Numerous masses were present in the spleen, liver, and lungs. These masses formed round, smooth, tan to yellow nodules that bulged from the capsular surface of the organs. Cut surfaces of each organ contained numerous discrete, round, tan to yellow tumors scattered throughout the parenchyma (Fig. 2) . The smaller masses were firm and homogeneous, but the centers of larger masses were often necrotic and liquefied. Tumors in the lungs were up to 4 cm in diameter, but masses in the liver and spleen were somewhat smaller. No related or significant gross lesions were observed in the brain, lymph nodes, urinary system, or digestive tract. Representative tissues of the tumors from all foci were fixed in neutral buffered 10% formalin and processed for light microscopic, electron microscopic, and immunohistochem- ical evaluation. Paraffin-embedded sections of representative masses and other organs were stained with hematoxylin and eosin (HE). For transmission electron microscopy, formalinfixed samples were osmicated, embedded in Spurr's resin, sectioned, and stained with uranyl acetate by routine methods. Thin sections were examined with a transmission electron microscope. For immunohistochemistry, 4-5-µm sections were stained using commercially available monoclonal antibodies to cytokeratin a vimentin, a actin, a desmin a myelin basic protein (MSP), a neuron-specific enolase (NSE), b and S-100 protein. b Stain detection was made using commercially available biotin-streptavidin immunoperoxidase test kits. a,b Light microscopic examination of the primary retroperitoneal mass and the masses in the spleen, liver, lung, and spinal canal revealed a multicentric neoplastic process with a common cell type and growth pattern. Tumors in the lungs, liver, spleen, and spinal canal were expansile with partial fibrous tissue encapsulation that was frequently breached by clusters of neoplastic cells. Neoplastic cells were spindle shaped, elongate to fusiform, closely approximated, and often arranged into interwoven fascicles and bundles occasionally transected by moderately thick bands of collagen and fibrous tissue (Fig. 3) . These bundles were sometimes further subdivided into smaller indistinct lobules of neoplastic cells. Spindle cells occasionally formed whorls and frequently palisaded around blood vessels (Fig. 4) . Occasional areas of necrosis characterized by pools of homogeneous to foamy eosinophilic material containing pyknotic debris were scattered throughout many sections. Neoplastic cells usually had moderate amounts of slightly basophilic foamy to vacuolated cytoplasm with indistinct cell borders (Fig. 5 ). Nuclei were elongate to fusiform, and chromatin was usually clumped and marginated within vesicular nuclei but other nuclei were diffusely hyperchromatic. Mitotic figures were frequently observed in many sections (Fig. 5) . Sections from the retroperitoneal (primary) mass differed slightly from those of the other masses by having more frequent palisading, a higher mitotic index, and the addition of multifocal hemorrhages. Reticulin stains on the primary mass demonstrated a basement membrane that occasionally extended around clusters of cells, but individual cells were not surrounded by a base- 
ment membrane. This basement membrane formation was
Electron microscopic examination was helpful in ruling absent in sections from the metastases. out other differential diagnoses for the tumor. Cytoplasmic Sections from the lumbar spinal cord in the vicinity of the organelles, such as nuclei, mitochondria, and endoplasmic extradural mass had marked Wallerian degeneration. No mireticulum, were relatively well preserved, despite several days croscopic lesions were observed in the proximal spinal cord, of formalin fixation. Neoplastic cells contained few to modest brain, heart, or intestines.
numbers of mitochondria and a moderate amount of rough endoplasmic reticulum. Cell membranes were often indistinct and were often replaced by granular to flocculent material. When cell membranes were intact, external laminae typical of Schwann cells 8 were often found, giving the appearance of a double cytoplasmic membrane (Fig. 6) . Nuclear membranes were smooth and lacked invaginations (unlike nuclei of fibrosarcomas 8 ). Rarely, cells contained a few intracytoplasmic, concentrically laminated, electron-dense structures that were interpreted as myelin bodies. Both intercellular and intracytoplasmic bundles of collagen fibrils were observed. Intermediate filaments were observed in the cytoplasm, but these were irregularly spaced and lackeddense zones (benign Schwannomas typically contain dense zones of abundant parallel arrays of intermediate filaments, but this ordered arrangement is often lost in the malignant version 9 ). No myofibrils, microfilaments, neuroendocrine granules, or other electron-dense bodies were found.
Immunohistochemical staining of tumor cells was strongly positive for vimentin and NSE. Vimentin staining was diffuse, and NSE staining was patchy but extensive (Fig. 7) . Sections failed to stain with antibodies to actin, desmin, S-100 protein, cytokeratin, or MBP.
The morphologic appearance of the tumor was consistent with that of a Schwannoma, but other neoplasms were considered in the differential diagnosis, including leiomyosarcoma and neurofibrosarcoma. The diffuse positive staining for vimentin and negative staining for cytokeratin confirmed that the tumor was mesenchymal in origin. A muscle cell origin was unlikely because of negative staining for actin and desmin. Ultrastructurally, the presence of external laminae, combined with the lack of nuclear invagination and positive immunostaining for NSE, indicated that the tumor was a Schwannoma rather than a neurofibrosarcoma. Although the external lamina was incomplete and did not surround every cell, the partial lack of this feature has been reported in malignant Schwannomas. 7, 14 Positive NSE reactivity has not been reported in neurofibrosarcomas. 13 Although positive staining for S-100 protein is a feature of benign and many (but not all) malignant Schwannomas, 14 cells from this tumor were diffusely negative. This negative S-100 protein and positive NSE staining suggested that some degree of nerve cell differentiation had occurred, a phenomenon previously described in some malignant Schwannomas. 14 The true prevalence of caprine neoplasia has not yet been determined, but tumors of any type in the goat are rare. 2,3,10,8 Although numbers are low, the variety of tumors reported indicates that goats are susceptible to most neoplasms. However, the overall incidence of tumors in goats (with the exception of certain skin tumors, 2, 5, 6, 11, 12, 16, 18 adrenal cortical adenomas, 1,15 and thymomas 3,10,11,17 ) is very low when compared with that of other domestic species. Whether this low incidence is due to innate resistance, incomplete reporting of tumors, or some other artifact of detection is unknown.
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a. Biogenex Laboratories, San Ramon, CA. b. Dako Corp., Carpinteria, CA. tetraplegic and deteriorated steadily. The lamb was unable to stand, but could slightly move all 4 limbs. This animal was euthanized and immediately necropsied.
The necropsy findings revealed an atrophic muscle mass. The dorsal and transverse spinous processes of the vertebral column were easily palpable through the wool and skin. Sagittal section of the head and cervical axial skeleton revealed that the atlas was fused with the occipital bone of the skull. There was stenosis of the cervical spinal canal between C 1 and C 2 and absence of the dens on the axis. No other significant soft tissue macroscopic lesions were observed in this animal.
The macroscopic skeletal findings, following maceration, revealed severe anatomical alterations of the skull, atlas, and cervical vertebrae. The skull was characterized primarily by fusion of the basioccipital bone and the atlas (Fig. 1) . The other changes of the skull included absence of the occipital condyles, fusion of the right jugular process with the right wing of the atlas, absence of the condyloid foramen on either side in the occipital bone, and presence of a lateral vertebral foramen dorsal to the internal opening of the hypoglossal canal. The atlas was characterized by normal alar foramina
